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CDMA SYSTEM TRANSMISSION MATRIX
COEFFICIENT CALCULATION

This application claims priority to U.S. Provisional Appli-
cation No. 60/392,202, filed Jun. 28, 2002.

BACKGROUND

The present mvention relates to wireless digital commu-
nication systems. More particularly, the present mvention
relates to producing a system response matrix for such
systems.

In code division multiple access communication systems,
multiple users send multiple communications simulta-
neously. The multiple communications are transmitted using
different channel codes. The channel codes proposed for the
time division duplex mode for 3GPP are derived by com-
bining a spreading code with a scrambling code and subse-
quently applying a channel code specific multiplier. During
transmission, each communication experiences a channel
response. One approach to recover data from the transmitted
bursts 1s joint detection, where all users data 1s received
simultaneously. Such a system 1s shown 1n FIG. 1. The joint
detection receiver may be used 1n a user equipment or base
station.

The multiple communications 20, after experiencing their
channel response, are received as a combined received
signal at an antenna 22 or antenna array. The received signal
1s reduced to baseband, such as by a demodulator 24, and
sampled at a chip rate of the codes or a multiple of a chip rate
of the codes, such as by an analog to digital converter (ADC)
26 or multiple ADCs, to produce a receirved vector, r. A
channel estimation device 28 uses a reference signal, such as
a midamble code or pilot code, to estimate the channel
response of the communications 20. A joint detection device
30 uses the estimated or known spreading codes of the users’
bursts and the estimated or known channel responses to
estimate the originally transmitted data for all the users as a
data vector, d.

The joint detection problem i1s typically modeled by
Equation 1.

Ad+n=r Equation 1

d 1s the transmitted data vector; r 1s the received vector; n 1s
the additive white gaussian noise (AWGN); and A 1s the

system response matrix, and 1s constructed by convolving
the channel responses with the known channel codes.

Two approaches to solve Equation 1 1s a zero forcing (ZF)
and a mimimum mean square error (IMMSE) approach. A ZF
solution, where n 1s approximated to zero, 1s per Equation 2.

d=(A%4)" 45 Equation 2
A MMSE approach 1s per Equations 3 and 4.

d=R 14 Equation 3

R=474+0°1 Equation 4

o~ is the variance of the noise, n, and I is the identity matrix.

For etther a zero forcing or MMSE solution, the hermetian
of the system response matrix, A”, is derived. In the
proposed TDD mode of 3GPP, the system response matrix 1s
derived using the spreading codes, the scrambling code,
channel code specific multipliers and the determined chan-
nel responses. The real spreading code 1s mixed with a
complex scrambling code. The mixed result 1s multiplied to
the channel code specific multipliers (being either real or
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imaginary) and the result 1s convolved with the complex
channel responses. After the system response matrix 1s
derived, the hermetian is taken to produce the A matrix.
Producing the A” matrix is a complicated operation requir-
ing complex multiplications. Implementing multiplications
in hardware 1s undesirable due to the number of transistors
required to produce a multiplier.

Accordingly, 1t 1s desirable to have alternate approaches to
generate the hermetian of the system response matrix.

SUMMARY

A hermetian of a system response matrix 1s to be deter-
mined. Spreading codes, channel specific multipliers and
channel impulse responses are provided. The channel code
specific multipliers have real and imaginary values. Channel
codes being a combination of a real spreading code, a
complex scrambling code and a sign of the channel code
specific multiplier. Real and 1maginary components of an
approximate hermetian of the system response matrix are
determined. The channel code specific multipliers are
applied to the real and imaginary components of a result of
the convolutions to derive the hermetian of the system
response matrix.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a simplified block diagram of a joint detection
receiver.

FIG. 2A shows the apparatus for convolving the real
portion of the channel response.

FIG. 2B shows the apparatus for convolving the imagi-
nary portion of the channel response.

FIG. 3 shows the apparatus for summing the outputs of
the FIG. 2A and FIG. 2B apparatuses to produce real and
imaginary output used to construct the system response
matrix.

FIG. 4 shows a preferred circuit for adder tree mputs of
FIGS. 2A and FIG. 2B.

FIG. 5 shows a flow chart for determining whether space
code transmit diversity 1s supported for the broadcast chan-
nel.

FIGS. 6 A and 6B show preferred circuits for combining,
code contributions for mput into the hermetian of the system
response matrix.

FIG. 7 shows a preferred circuit for determining the
addresses for the circuits of FIGS. 6 A and 6B.

DESCRIPTION OF THE PREFERREI
EMBODIMENTS

Although the preferred embodiments are described 1in
conjunction with the preferred application of the invention
for use 1n a third generation partnership project (3GPP) time
division duplex communication system using code division
multiple access, the mmvention can be applied to any code
division multiple access communication system. A receiver
utilizing the following embodiments can be utilized 1n a user
equipment or a base station.

The preferred embodiment of the mvention mixes, for a
particular received burst, the spreading code, the scrambling,
code and the sign of the channel code specific multiplier,
preferably by an exclusive-or gate to produce an approxi-
mate channel code. The approximate channel code 1s con-
volved with the channel response to produce that burst’s
contribution to an approximate B” matrix of the A” matrix.
The real or imaginary component of the channel code
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specific multipliers are applied to the real and 1maginary
portions of the approximate contribution to the B matrix to
produce that burst’s contribution to the A” matrix. All of the
received bursts contributions are applied to produce the A”
matrix.

Referring to FIGS. 2A and 2B, the circuit diagrams 100
and 200, respectively, which perform convolution of a series
of real and imaginary channel response chip values with the
approximate channel code, are illustrated. The channel
response values are divided into a real portion CRR and an
imaginary portion CRI. The real channel response CRR 1s
processed by the circuit 100 while the 1maginary channel
response CRI 1s processed in tandem by the circuit 200.

In FIG. 2A, register R, 1s preferably a 16-location shift
register, which receives the real portion of the channel
response CRR. Each location C1 (1=0 to 13) of register R,
has F bits per location where F 1s a selected data bit size,
preferably 10. The number of locations corresponds with the
preferred channel code size, which for TDD mode of 3GPP
1s 16 and 1s otherwise preferably a power of 2 1n number.
The real component circuit 100 includes a plurality of
components A1-Al4, each component has an adder having
two 1nputs and a single output which i1s the sum of the two
inputs. Adder/subtractor components A1-A8 are preferably
configured as 1illustrated mm FIG. 4. Adder components
A9-A14 are preferably simple adders.

Adder/subtractor components Al, A2, A3, Ad receive
input from the odd locations of register R, and pertorm
either addition or subtraction on their pair of mnputs. Simi-
larly, adder/subtractor and adder components AS, A6, A7
and A8 are coupled to register R, to perform addition or
subtraction on the channel response values, but only operate
on the even locations of register R,. Collectively, adder
components A1-A4, A9-All form one adder tree circuit
having inputs defined by components A1-A4 and an output
defined by component All. Similarly, adder components
A5-A8, A12-A14 form a second adder tree circuit. The
association of the adder tree circuits with the register R, 1s
such that real and imaginary portions of processing values of
the CRR values being processed through register R, are
computed.

Acting as a control signal, a channel code CC having bits
CCO through CC15 are mput to the adder/subtractor com-
ponents Al through A8. The binary channel codes control
whether adder components Al through A8 perform an
addition or a subtraction dependent upon the respective
control bit, preferably addition when the channel code CC
bit =0 and subtraction when the channel code CC bit=1.

FI1G. 4 1llustrates a preferred construction of input adder
component Al having an adder Al' and two two’s comple-
ment devices TC1, TC2. Inputs CRR1 and CRR3 receive the
real channel response values contained 1n second and fourth
locations C1, C3 of register R,, which are processed by
two’s complement devices TC1, TC2. CCR value addition
or subtraction 1s accomplished by the adder A1' summing the
output of the two’s complement devices TC1, TC2. The
two’s complement devices TC1, TC2 operate on the input
values by either passing the value or its two’s complement
through to the adder Al'. The second bit CC1 of the 16 bit
channel code control signal CC determines the operation
performed by the two’s complement device TC1 while the
tourth bit CC3 of the channel code determines the operation
performed by the two’s complement device TC2.

Referring to FIG. 2A, adder A9 performs a summation of
the sums performed by Al and A2. Likewise, adder A10
sums the sum of A3 with the sum of A4, adder A12 performs
the sum of AS and A6, and adder A13 sums A7 with AS.
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Adder A1l produces output AC, the real portion of the real
channel response values, by adding the sum of A9 with the
sum of A10. Output jAD, the imaginary portion of the real
channel response values, 1s the sum produced by adder Al14,
which 1s the sum of the outputs of adders A12 and A13.

Processing circuit 200, shown 1n FIG. 2B, 1s constructed
similarly to the circuit 100 shown 1n FIG. 2A. However, the
shift register R, receives the imaginary portion of the chan-
nel response CRI. Components A15 through A28 correspond
with adder components Al through Al4 to provide the
register R, with two associated adder tree circuits. The two
outputs of the tree circuits of circuit 200 shown 1n FIG. 2B
are opposite of those shown 1n FIG. 2A for circuit 100, 1n
that a value corresponding to a real portion shown as output
BD comes from the even locations of register R, and a value
corresponding to an imaginary output 1BC 1s the final sum of
the odd numbered locations of register R,. The configura-
tions of real and 1imaginary outputs relative to even and odd
register locations could be completely reversed, and 1denti-
cal results could be obtained. Specifically, with registers R,
and R, swapped 1in FIGS. 2A and 2B, output AC and jBC
would be derived from even register locations and outputs

BD and jAD would be derived from odd register locations.

Although the registers of FIGS. 2A and 2B have been
represented with 16 locations apiece, convolution of channel
response values 1n accordance with the present invention
could generally be achieved using registers having 2" reg-
ister locations and a combination of more or less adders all
configured accordingly to perform the sums on the even and
odd register locations.

The four output values AC, BD, jAD and jBC of the
circuits 100 and 200 represent real and 1imaginary portions of
a multiplication operation as shown in Equation 1:

BA=(4+iB)*(C+iD) Equation 1
where A 1s the real portion of the channel response, B 1s the

imaginary portion of the channel response and where C
corresponds to bits C1, C3, C5, C7, C9, C11, C13, C15 of

the channel code CC, D corresponds to bits C0, C2, C4, C6,
C8, C10, C12, C14 of the channel code. E

Each channel code
bit represents a value that 1s either purely real or purely
imaginary. Accordingly, the tree circuits can be hardwired to
either all of the odd or all of the even locations of the
registers R, and R,. The trees used in accordance with the
present mvention for determining which channel code bits
are real or imaginary eliminates the need for multipliers,
which would consume hardware space to a greater degree.

As shown 1n FIG. 3, additional circuitry 1s provided to
combine the outputs of the trees of circuits 100, 200 to
produce coetlicient values corresponding to real and 1magi-
nary output values of the approximate B” and apply the
channel code specific multiplier to produce A”. A subtracter
S1 1s associated with output AC of circuit 100 and output BD
of circuit 200 to subtract the real portion of the processed
real channel response signal and the real portion of the
imaginary channel response signal. An adder A29 1s asso-
ciated with output 1BC of circuit 200 and jAD of circuit 100
to sum the imaginary portion of the processed imaginary
channel response signal and the imaginary portion of the real
channel response signal. The sum produced by adder A29 1s
then passed through two’s complement device TC3 for the
imaginary output, which produces the complex conjugate of
the B matrix.

After the real and 1imaginary contribution of the burst to
the B matrix is determined, the imaginary/real aspect of the
channel code specific multiplier 1s applied to produce that
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burst’s contribution to the A” matrix. Referring to FIG. 3,
the channel code specific multipliers are preferably stored in
a two bit register. Bit 1 1n the register represents whether the
channel code specific multiplier 1s positive (a zero value) or
negative (a one value). Bit 0 1n the register represents
whether the channel code specific multiplier 1s imaginary (a
value of one) or real (a value of zero).

Referring to FIG. 3, the real contribution i1s mput nto a
demultiplexer D1. After applying the channel code specific
multiplier, the real contribution to B may correspond to the
real contribution (Real Real) to A” or the imaginary con-
tribution (Imag_Real) to A”. The demultiplexer D1 sepa-
rates the real contribution of B” in response to bit 0 of the
channel code specific multiplier. It bit 0 1s a zero, the output
1s to Real_Real and if the channel code specific multiplier 1s
a one, the output 1s to Imag_Real atfter the 2°s complement
1s taken by a 2’s complement device TC4.

Analogously, the imaginary contribution to B may cor-
respond to the imaginary contribution (Imag_Imag) to A” or
the real contribution (Real_Imag) to A”. The demultiplexer
D2 separates the imaginary contribution of B” in response to
bit 0 of the channel code specific multiplier. If bit 0 1s a zero,
the output 1s to Imag_Imag and 11 the channel code specific
multiplier 1s a one, the output 1s to Real_Imag.

After separation, a pair of multiplexers M1, M2 are used
to produce the real and imaginary contributions of the burst
to the A” matrix. A real multiplexer M1 selects either the
Real Real or Real Imag as the real contribution
(ah_out_real). If bit 0 1s a zero, the Real_Real 1s selected and
if bit 0 1s a one, the Real_Imag 1s selected. Similarly, an
imaginary multiplexer M2 selects either the Imag_Imag or
Imag Real as the imaginary contribution (ah_out_imag). If
bit 0 1s a zero, the Imag_Imag 1s selected and 11 bit 0 1s a one,
the Imag_Real 1s selected. Accordingly, the contribution of
that burst to A" is determined. After all the bursts are
determined, the entire A™ is determined. As illustrated by the
preferred embodiment, multipliers are not required for the
production of the A” matrix.

In 3GPP, 1t 1s proposed to transmit the broadcast channel
over two antennas using a diflerent spreading code for each
antenna, referred to hereafter as space code transmit diver-
sity (SCTD). Since the same broadcast data 1s sent over the
two channels, the contribution of each channel can be
combined prior to data estimation. Furthermore, 1t 1s pro-
posed that multiple broadcast channels as well as other
channels may be transmitted using SCTD.

FIG. 5 15 a preferred flow chart for determining whether
combining of the two channel codes to support SCTD 1s
required for a single BCH as currently proposed. The
primary common control physical channel (P-CCPCH) 1s
monitored to determine 1f SCTD mode 1s supported, SPEP1.
If 1t 1s not (I_pccpch 1s zero), SCTD mode 1s not supported.
If 1t 15, a midamble detection device determines whether
midamble m2 1s present, STEP2. If m2 1s present, SCTD
mode 1s supported. If not, SCTD mode 1s not supported.

FIGS. 6 A, 6B and 7 illustrate a preferred embodiment for
selectively supporting SCTD. The selective SCTD 1s pred-
erably used with a single BCH, multiple BCHs and other
channels transmitted using selective SCTD. FIG. 6A pro-
cesses the real contribution of the channels. If SCTD 1s
supported, the real contribution of a first code 1s referred to
as ah sctd out real and the second code ah out real. If
SCTD 1s not supported, ah_sctd_out_real 1s not present.

ah_sctd_out_real 1s an mput to a multiplexer M3. The
other mput 1s tied to zero (0x0). If SCTD 1s supported
(sctd_on & second_channel 1s a one), ah_sctd_out_real 1s
passed to an adder A100. If SCTD 1s not supported, zero 1s
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6

sent to the adder A100. ah_out_real 1s also input to the adder
A100 to produce either the real combined contribution of the
two channels, 11 SCTD 1s supported, or simply passes the
channel (ah_out_real).(Note: there 1s no first or second
channel if 1t 1sn’t an SCTD channel.) Saturation logic SL1
1s used to prevent the combined contributions from over-
flowing the bit width of the memory. As shown 1n FIG. 6A,
preferably, two registers R1, R2 are used to temporarily
bufler the contribution of the second channel (ah_out_real).

FIG. 6B processes the imaginary contribution of channels.
It SCTD 1s supported, the imaginary contribution of a first
code 1s referred to as ah_sctd_out_imag and the second code
ah_out_imag. If SCTD 1s not supported, ah_sctd_out_imag
1s not present. ah_sctd_out-imag 1s an iput to a multiplexer
Md4. The other input 1s tied to zero (0x0). If SCTD 1s
supported (sctd_on & second_channel 1s a one),
ah_sctd_out-imag 1s passed to an adder A101. If SCTD 1s
not supported, zero 1s sent to the adder A101. ah_out_1mag
1s also mput to the adder A101 to produce either the
imaginary combined contribution of the two channels, 1f
SCTD 1s supported, or simply passes the channel
(ah_out_imag). Saturation logic 1s used to prevent combined
contributions from overtlowing the bit width of the memory.
As shown 1n FIG. 6B, preferably, two registers R3, R4 are
used to temporarily bufler the contribution of the first
channel (ah_out_imag).

This approach to combining the two channels reduces the
memory requirement and the amount of time required to
calculate the final result. As the second channel’s contribu-
tion 1s processed, it 1s combined with the stored first channel
and the combined channel 1s stored. Accordingly, the second
channel 1s never stored. Preferably, the combined channel 1s
written back to the addresses of the first channel. If the first
channel 1s not stored 1 a read-modify-write memory, two
registers R1, R2, R3, R4 as shown in FIGS. 6A and 6B are
preferably used. If the first-channel memory 1s a read-
modily-write memory, only one register R1, R3 1s preferably
used.

FIG. 7 1s a preferred circuit for use 1n conjunction with
FIGS. 6 A and 6B 1n determining the address of the second
code whether SCTD is or is not supported. As the A” matrix
1s developed, each produced value 1s preferably stored 1n a
subsequent memory address. If the first two channels are
combined for SCTD, the combined channel contributions
are prelerably overwrite the first channel to reduce the
required memory. To 1illustrated, 1t SCTD 1s not supported,
the sequential address for the first location of the second
channel may be address 516. If SCTD 1s supported, that
value will be combined with the first channel and written
back to the first address of first channel memory, address O.

The address that the determined channel value 1s written
to, when SCTD 1s not supported, 1s ah_addr_write. A control
signal, sctd_on & second_channel, indicates whether SCTD
1s supported. If SCTD 1s supported sctd_on & second_chan-
nel has a value of a zero and 1t not, sctd_on & second_chan-
nel has a value of one. The address 1s input to a demulti-
plexer D3. If SCID 1s not supported (sctd on &
second_channel has a value one), the address 1s passed to a
multiplexer MS5. The multiplexer M5 passes the address on,
if SCTD 1s not supported.

If SCTD 1s supported, the address (ah_addr_write) 1s
input to a subtractor S2. The subtractor subtracts from the
address the number of memory values of the first channel
(sctd_fold_dec). To reduce power consumption when SCTD
1s not supported, a second multiplexer M6 1s used. The
multiplexer M6 selects sctd_fold_dec for mput to the sub-
tractor S2, when SCTD 1s supported (sctd_on 1s a one). IT
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SCTD 1s not supported (sctd_on 1s a zero), a zero (0x0) 1s means for applying a real/imaginary aspect of the channel
input to the subtractor S2. The output of the multiplexer M6 code specific multipliers to the real and i1maginary
1s nput into the multiplexer MS. The multiplexer M5 selects components of the approximate hermetian of the sys-
the subtracted input, when SCTD 1s supported. tem response matrix to derive the hermetian of the

What 1s claimed 1s: 5 system response matrix; and

1. A method for determiming a hermetian of a system means for estimating the data of the plurality of trans-
response matrix for use estimating data of a plurality of mitted data signals using a recerved vector correspond-
transmitted data signal, the method comprising: ing to the plurality of transmaitted data signal and the

providing channel codes and channel responses, the chan- hermetian of the system response matrix.

nel codes being a combination of a real spreading code, 10 6. The apparatus of claim 5 wherein none of the means
a complex scrambling code and a sign of a channel includes multipliers.
code specific multipler, the channel code specific mul- 7. The apparatus of claim 35 wherein the means for
tipliers having real and imaginary values; determining real and 1maginary components comprises:
determining real and imaginary components of an means for processing the real portion of the channel
approximate hermetian system response matrix using 15 responses with the channel components producing real
the channel codes and the channel responses; and and 1maginary portions of real channel responses;
applying a real/imaginary aspect of the channel code means for processing the imaginary portion of the channel
specific multiplier to the real and imaginary compo- impulse responses with the channel components pro-
nents of the approximate hermetian of the system ducing real and 1maginary portions of imaginary chan-
response matrix to derive the hermetian of the system 20 nel responses;
response matrix; and means for subtracting the real portion of the imaginary
estimating the data of the plurality of transmitted data channel responses from the real portion of the real
signals using a received vector corresponding to the channel responses to produce the real components; and
plurality of transmitted data signal and the hermetian of means for adding the imaginary portion of the real chan-
the system response matrix. 25 nel responses and taking a 2’s complement of a result

2. The method of claim 1 wherein none of the steps utilize of the adding to produce the 1imaginary components.
multiplications. 8. The apparatus of claim 7 wherein the means for

3. The method of claim 1 wherein the determining real applying the real/imaginary aspect of the channel code
and 1maginary components comprises: specific multipliers comprises:

processing the real portion of the channel responses with 30 means for selecting the real component as a hermetian

the channel components producing real and 1imaginary system response matrix real component, 11 the channel
portions of real channel responses; code specific multiplier 1s real;
processing the imaginary portion of the channel impulse means for selecting the imaginary component as the
responses with the channel components producing real hermetian system response matrix real component, i
and 1maginary portions of 1maginary channel 35 the channel code specific multiplier 1s 1imaginary;
responses; means for selecting a 2’s complement of the real compo-

subtracting the real portion of the imaginary channel nent as a hermetian system response matrix imaginary
responses from the real portion of the real channel component, 11 the channel code specific multiplier 1s
responses to produce the real components; and imaginary; and

adding the i1maginary portion of the real channel 40 means for selecting the imaginary component as the

responses and taking a 2°s complement of a result of the system response matrix imaginary component, it the
adding to produce the 1imaginary components. channel code specific multiplier 1s real.

4. The method of claim 3 wherein the applying the 9. A method for receiving a plurality of data signals 1n a
real/imaginary aspect of the channel code specific multipli- code division multiple access communication system, at
€rs COmprises: 45 least one data signal transmitted over a plurality of antennas

selecting the real component as a hermetian system with each antenna transmitting the at least one data signal

response matrix real component, 1f the channel code using a different channel code, the method comprising:
specific multiplier 1s real; recerving a received vector including the plurality of
selecting the 1imaginary component as the hermetian sys- transmitted data signals;
tem response matrix real component, 1f the channel 50  estimating a channel response for each of the data signals;
code specific multiplier 1s 1maginary; producing channel codes, the channel codes being a
selecting a 2’s complement of the real component as a combination of a real spreading code, a complex
hermetian system response matrix imaginary compo- scrambling code and a sign of a channel code specific
nent, 11 the channel code specific multiplier 1s 1magi- multipler, the channel code specific multipliers having
nary; and 55 real and 1imaginary values;
selecting the 1maginary component as the system response determiming real and i1maginary components of an
matrix 1maginary component, 1f the channel code spe- approximate hermetian system response matrix using
cific multiplier 1s real. the channel codes and the channel responses;

5. An apparatus for producing a hermetian of a system applying a real/imaginary aspect of the channel code
response matrix for use in estimating data of a plurality of 60 specific multiplier to the real and 1imaginary compo-
transmitted data signals, the apparatus comprising: nents of the approximate hermetian of the system

means for producing channel codes, the channel codes response matrix to derive the hermetian of the system

comprising real spreading codes, complex scrambling response matrix; and

codes and signs of channel code specific multipliers; estimating the data using the received vector and the
means for determining real and 1imaginary components of 65 constructed hermetian of the system response matrix.

an approximate hermetian system response matrix 10. The method of claim 9 wherein the estimating 1s

using the channel codes and the channel responses; and performed using a zero forcing algorithm.
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11. The method of claim 9 wherein the estimating 1s
performed using a minimum mean square error algorithm.

12. The method of claim 9 wherein the determiming real
and 1maginary components comprises:

processing the real portion of the channel responses with

the channel components producing real and imaginary
portions of real channel responses;

processing the imaginary portion of the channel impulse

responses with the channel components producing real
and 1maginary portions of 1maginary channel
responses;
subtracting the real portion of the imaginary channel
responses Ifrom the real portion of the real channel
responses to produce the real components; and

adding the imaginary portion of the real channel
responses and taking a 2’s complement of a result of the
adding to produce the 1imaginary components.

13. The method of claim 12 wherein the applying the
real/imaginary aspect of the channel code specific multipli-
€rs COmprises:

selecting the real component as a hermetian system

response matrix real component, 1f the channel code
specific multiplier 1s real;

selecting the 1imaginary component as the hermetian sys-

tem response matrix real component, 1f the channel
code specific multiplier 1s 1maginary;

selecting a 2’s complement of the real component as a

hermetian system response matrix imaginary compo-
nent, 11 the channel code specific multiplier 1s 1magi-
nary; and

selecting the 1maginary component as the system response

matrix 1imaginary component, 11 the channel code spe-
cific multiplier 1s real.

14. A receiver for receiving a plurality of data signals
transmitted 1 a code division multiple access format, the
receiver comprising:

means for receiving a received vector including the plu-

rality of transmitted data signals;

means for estimating a channel response for each of the

data signals;
means for producing channel codes, the channel codes
being a combination of a real spreading code, a com-
plex scrambling code and a sign of a channel code
specific multipler, the channel code specific multipliers
having real and 1maginary values;
means for determining real and 1imaginary components of
an approximate hermetian system response matrix
using the channel codes and the channel responses;

means for applying a real/imaginary aspect of the channel
code specific multiplier to the real and imaginary
components of the approximate hermetian of the sys-
tem response matrix to derive the hermetian of the
system response matrix; and

means for estimating the data using the received vector

and the constructed hermetian of the system response
matrix.

15. The receiver of claim 14 wherein the means for
estimating 1s performed using a zero forcing algorithm.

16. The receirver of claim 14 wherein the means for
estimating 1s performed using a minimum mean square error
algorithm.

17. The recerver of claim 14 wherein the means for
determining real and 1maginary components comprises:

means for processing the real portion of the channel

responses with the channel components producing real
and 1imaginary portions of real channel responses;
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means for processing the imaginary portion of the channel
impulse responses with the channel components pro-
ducing real and 1maginary portions of 1maginary chan-
nel responses;

means for subtracting the real portion of the imaginary

channel responses from the real portion of the real
channel responses to produce the real components; and
means for adding the imaginary portion of the real chan-
nel responses and taking a 2’s complement of a result
of the adding to produce the imaginary components.

18. The receiver of claim 14 wherein the means for
applying the real/imaginary aspect of the channel code
specific multipliers comprises:

means for selecting the real component as a hermetian

system response matrix real component, if the channel
code specific multiplier 1s real;
means for selecting the imaginary component as the
hermetian system response matrix real component, 1
the channel code specific multiplier 1s 1imaginary;

means for selecting a 2’s complement of the real compo-
nent as a hermetian system response matrix imaginary
component, 11 the channel code specific multiplier 1s
imaginary; and

means for selecting the imaginary component as the

system response matrix imaginary component, if the
channel code specific multiplier 1s real.

19. A receiver for receiving a plurality of data signals
transmitted 1n a code division multiple access format, the
receiver comprising:

an antenna for receiving a recerved vector including the

plurality of transmaitted data signals;

a channel estimation device for estimating a channel

response for each of the data signals; and

a joint detection device for estimating the data using the

received vector and a hermetian of the system response

matrix, comprising;:

an exclusive-or gate for producing channel codes, the
channel codes being a combination of a real spread-
ing code, a complex scrambling code and a sign of
a channel code specific multipler, the channel code
specific multipliers having real and imaginary val-
ues;

a plurality of registers, adders, adder/subtractors and a
2’s compliment component for determining real and
imaginary components of an approximate hermetian
system response matrix using the channel codes and
the channel responses; and

a plurality of demultiplexers, multiplexers and a 2’s

compliment components for applying a real/imaginary
aspect of the channel code specific multiplier to the real
and 1maginary components of the approximate herme-
tian of the system response matrix to derive the her-
metian of the system response matrix; and

a jomt detector device for estimating the data using the

received vector and the constructed hermetian of the

system response matrix.

20. The recerver of claim 19 wherein the joint detection
device for estimating the data using a zero forcing algorithm.

21. The receiver of claim 19 wherein the joint detection
device for estimating the data using minimum mean square
error algorithm.

22. The receiver of claim 19 wherein the plurality of
registers, adders, adder/subtractors and a 2’s compliment
components for processing the real portion of the channel
responses with the channel components producing real and
imaginary portions of real channel responses; for processing
the imaginary portion of the channel impulse responses with




UsS 7,203,181 B2

11

the channel components producing real and 1maginary por-
tions of 1maginary channel responses; for subtracting the
real portion of the imaginary channel responses from the real
portion of the real channel responses to produce the real
components; and for adding the imaginary portion of the real
channel responses and taking a 2’s complement of a result
of the adding to produce the imaginary components.

23. The recerver of claim 19 wherein:

a demultplexer and a multiplexer for selecting the real
component as a hermetian system response matrix real
component, if the channel code specific multiplier 1s
real;

a demultplexer and a multiplexer for selecting the 1imagi-
nary component as the hermetian system response
matrix real component, 1f the channel code specific
multiplier 1s 1maginary;

the 2’s complement component for taking a 2’s comple-
ment of the real component;

a demultplexer and a multiplexer for selecting an output
of the 2’s complement component as a hermetian
system response matrix imaginary component, if the
channel code specific multiplier 1s 1maginary; and

a demultplexer and a multiplexer for selecting the 1imagi-
nary component as the system response matrix imagi-
nary component, 1f the channel code specific multiplier
1s real.

24. A user equipment for receiving a plurality of data
signals transmitted in a code division multiple access for-
mat, the user equipment comprising:

means for receiving a received vector including the plu-
rality of transmitted data signals;

means for estimating a channel response for each of the
data signals;

means for producing channel codes, the channel codes
being a combination of a real spreading code, a com-
plex scrambling code and a sign of a channel code
specific multipler, the channel code specific multipliers
having real and 1maginary values;

means for determining real and 1imaginary components of
an approximate hermetian system response matrix
using the channel codes and the channel responses;

means for applying a real/imaginary aspect of the channel
code specific multiplier to the real and i1maginary
components of the approximate hermetian of the sys-
tem response matrix to derive the hermetian of the
system response matrix; and

means for estimating the data using the received vector
and the constructed hermetian of the system response
matrix.

25. The user equipment of claim 24 wherein the means for

estimating 1s performed using a zero forcing algorithm.

26. The user equipment of claim 24 wherein the means for
estimating 1s performed using a minimum mean square error
algorithm.

27. The user equipment of claim 24 wherein the means for
determining real and 1imaginary components comprises:

means for processing the real portion of the channel
responses with the channel components producing real
and 1maginary portions of real channel responses;

means for processing the imaginary portion of the channel
impulse responses with the channel components pro-
ducing real and 1maginary portions of 1maginary chan-
nel responses;

means for subtracting the real portion of the imaginary
channel responses from the real portion of the real
channel responses to produce the real components; and
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means for adding the imaginary portion of the real chan-

nel responses and taking a 2’s complement of a result

of the adding to produce the imaginary components.

28. The user equipment of claim 24 wherein the means for
applying the real/imaginary aspect of the channel code
specific multipliers comprises:

means for selecting the real component as a hermetian

system response matrix real component, if the channel

code specific multiplier 1s real;

means for selecting the imaginary component as the

hermetian system response matrix real component, 1

the channel code specific multiplier 1s 1imaginary;

means for selecting a 2’s complement of the real compo-
nent as a hermetian system response matrix imaginary
component, 1f the channel code specific multiplier 1s
imaginary; and

means for selecting the imaginary component as the

system response matrix imaginary component, if the

channel code specific multiplier 1s real.

29. A user equipment for receiving a plurality of data
signals transmitted in a code division multiple access for-
mat, the user equipment comprising:

an antenna for receiving a received vector including the

plurality of transmaitted data signals;

a channel estimation device for estimating a channel

response for each of the data signals; and

a joint detection device for estimating the data using the

received vector and a hermetian of the system response

matrix, comprising:

an exclusive-or gate for producing channel codes, the
channel codes being a combination of a real spread-
ing code, a complex scrambling code and a sign of
a channel code specific multipler, the channel code
specific multipliers having real and imaginary val-
ues;

a plurality of registers, adders, adder/subtractors and a
2’s compliment component for determining real and
imaginary components of an approximate hermetian
system response matrix using the channel codes and
the channel responses; and

a plurality of demultiplexers, multiplexers and a 2’s

compliment components for applying a real/imaginary
aspect of the channel code specific multiplier to the real
and 1maginary components of the approximate herme-
tian of the system response matrix to derive the her-
metian of the system response matrix; and

a joint detector device for estimating the data using the
received vector and the constructed hermetian of the
system response matrix.

30. The user equipment of claim 29 wherein the joint

detection device for estimating the data using a zero forcing
algorithm.

31. The user equipment of claim 29 wherein the joint
detection device for estimating the data using minimum
mean square error algorithm.

32. The user equipment of claim 29 wherein the plurality
of registers, adders, adder/subtractors and a 2’s compliment
components for processing the real portion of the channel
responses with the channel components producing real and
imaginary portions of real channel responses; for processing
the imaginary portion of the channel impulse responses with
the channel components producing real and 1maginary por-
tions of 1maginary channel responses; for subtracting the
real portion of the imaginary channel responses from the real
portion of the real channel responses to produce the real
components; and for adding the imaginary portion of the real
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channel responses and taking a 2’s complement of a result
of the adding to produce the 1maginary components.

33. The user equipment of claim 29 wherein:

a demultplexer and a multiplexer for selecting the real
component as a hermetian system response matrix real
component, 1f the channel code specific multiplier 1s
real;

a demultplexer and a multiplexer for selecting the 1magi-
nary component as the hermetian system response
matrix real component, if the channel code specific
multiplier 1s 1imaginary;

the 2’s complement component for taking a 2°s comple-
ment of the real component;

a demultplexer and a multiplexer for selecting an output
of the 2’s complement component as a hermetian
system response matrix imaginary component, 1f the
channel code specific multiplier 1s 1maginary; and

a demultplexer and a multiplexer for selecting the 1magi-
nary component as the system response matrix imagi-
nary component, 1f the channel code specific multiplier
1s real.

34. A base station for receiving a plurality of data signals
transmitted 1n a code division multiple access format, the
base station comprising;:

means for receiving a received vector including the plu-
rality of transmitted data signals;

means for estimating a channel response for each of the
data signals;

means for producing channel codes, the channel codes
being a combination of a real spreading code, a com-
plex scrambling code and a sign of a channel code
specific multipler, the channel code specific multipliers
having real and 1maginary values;

means for determining real and 1imaginary components of
an approximate hermetian system response-matrix
using the channel codes and the channel responses;

means for applying a real/imaginary aspect of the channel
code specific multiplier to the real and imaginary
components of the approximate hermetian of the sys-
tem response matrix to derive the hermetian of the
system response matrix; and

means for estimating the data using the received vector
and the constructed hermetian of the system response
matrix.

35. The base station of claim 34 wherein the means for

estimating 1s performed using a zero forcing algorithm.

36. The base station of claim 34 wherein the means for
estimating 1s performed using a minimum mean square error
algorithm.

37. The base station of claim 34 wherein the means for
determining real and 1maginary components comprises:

means for processing the real portion of the channel
responses with the channel components producing real
and 1maginary portions of real channel responses;

means for processing the imaginary portion of the channel
impulse responses with the channel components pro-
ducing real and imaginary portions of 1imaginary chan-
nel responses;

means for subtracting the real portion of the imaginary
channel responses from the real portion of the real
channel responses to produce the real components; and

means for adding the imaginary portion of the real chan-
nel responses and taking a 2’s complement of a result
of the adding to produce the imaginary components.

38. The base station of claim 34 wherein the means for
applying the real/imaginary aspect of the channel code
specific multipliers comprises:
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means for selecting the real component as a hermetian
system response matrix real component, if the channel
code specific multiplier 1s real;

means for selecting the imaginary component as the
hermetian system response matrix real component, 1
the channel code specific multiplier 1s 1imaginary;

means for selecting a 2’s complement of the real compo-
nent as a hermetian system response matrix imaginary
component, 1f the channel code specific multiplier 1s
imaginary; and

means for selecting the imaginary component as the
system response matrix imaginary component, if the
channel code specific multiplier 1s real.

39. A base station for receiving a plurality of data signals
transmitted 1n a code division multiple access format, the
base station comprising:

an antenna for receiving a recerved vector including the
plurality of transmaitted data signals;

a channel estimation device for estimating a channel
response for each of the data signals; and

a joint detection device for estimating the data using the
received vector and a hermetian of the system response
matrix, comprising;:
an exclusive-or gate for producing channel codes, the

channel codes being a combination of a real spread-
ing code, a complex scrambling code and a sign of
a channel code specific multipler, the channel code
specific multipliers having real and imaginary val-
ues;

a plurality of registers, adders, adder/subtractors and a
2’s compliment component for determining real and
imaginary components of an approximate hermetian
system response matrix using the channel codes and
the channel responses; and

a plurality of demultiplexers, multiplexers and a 2’s
compliment components for applying a real/imaginary
aspect of the channel code specific multiplier to the real
and 1maginary components of the approximate herme-
tian of the system response matrix to derive the her-
metian of the system response matrix; and

a jomt detector device for estimating the data using the
received vector and the constructed hermetian of the
system response matrix.

40. The base station of claim 39 wherein the joint detec-
tion device for estimating the data using a zero forcing
algorithm.

41. The base station of claim 39 wherein the joint detec-
tion device for estimating the data using minimum mean
square error algorithm.

42. The base station of claim 39 wherein the plurality of
registers, adders, adder/subtractors and a 2’s compliment
components for processing the real portion of the channel
responses with the channel components producing real and
imaginary portions of real channel responses; for processing
the imaginary portion of the channel impulse responses with
the channel components producing real and 1imaginary por-
tions of imaginary channel responses; for subtracting the
real portion of the 1maginary channel responses from the real
portion of the real channel responses to produce the real
components; and for adding the imaginary portion of the real
channel responses and taking a 2’s complement of a result
of the adding to produce the imaginary components.

43. The base station of claim 39 wherein:

a demultplexer and a multiplexer for selecting the real
component as a hermetian system response matrix real
component, 11 the channel code specific multiplier 1s
real;
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a demultplexer and a multiplexer for selecting the 1imagi-
nary component as the hermetian system response
matrix real component, if the channel code specific
multiplier 1s 1maginary;

the 2’s complement component for taking a 2°s comple-
ment of the real component;

a demultplexer and a multiplexer for selecting an output
of the 2’s complement component as a hermetian
system response matrix imaginary component, if the
channel code specific multiplier 1s 1maginary; and

a demultplexer and a multiplexer for selecting the 1magi-
nary component as the system response matrix imagi-
nary component, 1f the channel code specific multiplier
1s real.

44. A method for receiving a plurality of data signals 1n a
code division multiple access communication system, at
least one data signal transmitted over a plurality of antennas
with each antenna transmitting the at least one data signal
using a different channelization code, the channelization
code comprising a real spreading code, a complex scram-
bling code and a channel code specific multiplier, the
method comprising:

receiving a received vector including the plurality of

transmitted data signals;

estimating a channel response for each of the data signals;

producing components of a hermetian of a system
response matrix using the estimated channel response,
real spreading codes, complex scrambling codes and
signs of channel code specific multipliers of the data
signals, the components including components of each
version of the at least one data signal transmitted using
each of the different channelization codes;

combining the components of each version and construct-
ing the hermetian of the system response matrix using
the combined components; and

estimating the data using the received vector and the
constructed hermetian of the system response matrix.

45. The method of claim 44 wherein the estimating 1s
performed using a zero forcing algorithm.

46. The method of claim 44 wherein the estimating 1s
performed using a minimum mean square error algorithm.

47. The method of claim 44 wherein the combining 1s
performed using an adder and saturation logic.

48. A recerver lor recerving a plurality of data signals
transmitted in a code division multiple access format, at least
one data signal transmitted over a plurality of antennas with
cach antenna transmitting the at least one data signal using
a different channelization code, the channelization code
comprising a real spreading code, a complex scrambling
code and a channel code specific multiplier, the receiver
comprising:

means for receiving a received vector including the plu-

rality of transmitted data signals;

means for estimating a channel response for each of the
data signals;

means for producing components ol a hermetian of a
system response matrix using the estimated channel
response, real spreading codes, complex scrambling
codes and signs of channel code specific multipliers of
the data signals, the components including components
of each version of the at least one data signal trans-
mitted using each of the different channelization codes;

means for combining the components of each version and
constructing the hermetian of the system response
matrix using the combined components; and
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means for estimating the data using the received vector
and the constructed hermetian of the system response
matrix.

49. The recerver of claim 48 wherein the estimating 1s

performed using a zero forcing algorithm.

50. The receiver of claim 48 wherein the estimating 1s
performed using a minimum mean square error algorithm.

51. The receiver of claim 48 wherein the combining 1s
performed using an adder and saturation logic.

52. A receiver for receiving a plurality of data signals
transmitted in a code division multiple access format, at least
one data signal transmitted over a plurality of antennas with
cach antenna transmitting the at least one data signal using
a different channelization code, the channelization code
comprising a real spreading code, a complex scrambling
code and a channel code specific multiplier, the receiver
comprising:

an antenna for receiving a recerved vector including the
plurality of transmaitted data signals;

a channel estimation device for estimating a channel
response for each of the data signals;

a joint detection device for producing components of a
hermetian of a system response matrix using the esti-
mated channel response, real spreading codes, complex
scrambling codes and signs of channel code specific
multipliers of the data signals, the components 1nclud-
ing components of each version of the at least one data
signal transmitted using each of the different channel-
1ization codes; for combining the components of each
version and constructing the hermetian of the system
response matrix using the combined components; and
for estimating the data using the received vector and the
constructed hermetian of the system response matrix.

53. The receiver of claim 52 wherein the estimating 1s
performed using a zero forcing algorithm.

54. The receiver of claim 52 wherein the estimating 1s
performed using a minimum mean square error algorithm.

55. The receiver of claim 52 wherein the combining 1s
performed using an adder and saturation logic.

56. A user equipment for receiving a plurality of data
signals transmitted 1n a code division multiple access for-
mat, at least one data signal transmitted over a plurality of
antennas with each antenna transmitting the at least one data
signal using a diflerent channelization code, the channeliza-
tion code comprising a real spreading code, a complex
scrambling code and a channel code specific multiplier, the
user equipment comprising;:

means for receiving a received vector including the plu-
rality of transmitted data signals;

means for estimating a channel response for each of the
data signals;

means for producing components of a hermetian of a
system response matrix using the estimated channel
response, real spreading codes, complex scrambling
codes and signs of channel code specific multipliers of
the data signals, the components including components
of each version of the at least one data signal trans-
mitted using each of the different channelization codes;

means for combining the components of each version and
constructing the hermetian of the system response
matrix using the combined components; and

means for estimating the data using the received vector
and the constructed hermetian of the system response
matrix.

57. The user equipment of claim 56 wherein the estimat-
ing 1s performed using a zero forcing algorithm.
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58. The user equipment of claim 56 wherein the estimat-
ing 1s performed using a minimum mean square error
algorithm.

59. The user equipment of claim 56 wherein the combin-
ing 1s performed using an adder and saturation logic.

60. A user equipment for receiving a plurality of data
signals transmitted in a code division multiple access for-

mat, at least one data signal transmitted over a plurality of

antennas with each antenna transmitting the at least one data
signal using a different channelization code, the channeliza-
tion code comprising a real spreading code, a complex
scrambling code and a channel code specific multiplier, the
user equipment comprising;:

an antenna for receiving a received vector including the
plurality of transmitted data signals;

a channel estimation device for estimating a channel
response for each of the data signals;

a joint detection device for producing components of a
hermetian of a system response matrix using the esti-
mated channel response, real spreading codes, complex
scrambling codes and signs of channel code specific
multipliers of the data signals, the components 1nclud-
ing components of each version of the at least one data
signal transmitted using each of the different channel-
ization codes; for combining the components of each
version and constructing the hermetian of the system
response matrix using the combined components; and
for estimating the data using the received vector and the
constructed hermetian of the system response matrix.

61. The user equipment of claim 60 wherein the estimat-
ing 1s performed using a zero forcing algorithm.

62. The user equipment of claim 60 wherein the estimat-
ing 1s performed using a minimum mean square error
algorithm.

63. The user equipment of claim 60 wherein the combin-
ing 1s performed using an adder and saturation logic.

64. A base station for recerving a plurality of data signals
transmitted in a code division multiple access format, at least
one data signal transmitted over a plurality of antennas with
cach antenna transmitting the at least one data signal using
a different channelization code, the channelization code
comprising a real spreading code, a complex scrambling
code and a channel code specific multiplier, the base station
comprising:

means for receiving a received vector including the plu-
rality of transmitted data signals;

means for estimating a channel response for each of the
data signals;

means for producing components ol a hermetian of a
system response matrix using the estimated channel
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response, real spreading codes, complex scrambling
codes and signs of channel code specific multipliers of
the data signals, the components including components
of each version of the at least one data signal trans-
mitted using each of the different channelization codes;

means for combining the components of each version and
constructing the hermetian of the system response
matrix using the combined components; and

means for estimating the data using the received vector

and the constructed hermetian of the system response
matrix.

65. The base station of claim 64 wherein the estimating 1s
performed using a zero forcing algorithm.

66. The base station of claim 64 wherein the estimating 1s
performed using a minimum mean square error algorithm.

677. The base station of claim 64 wherein the combining 1s
performed using an adder and saturation logic.

68. A base station for receiving a plurality of data signals
transmitted in a code division multiple access format, at least
one data signal transmitted over a plurality of antennas with
cach antenna transmitting the at least one data signal using
a different channelization code, the channelization code
comprising a real spreading code, a complex scrambling
code and a channel code specific multiplier, the base station
comprising;

an antenna for receiving a received vector including the

plurality of transmaitted data signals;

a channel estimation device for estimating a channel
response for each of the data signals;

a joint detection device for producing components of a
hermetian of a system response matrix using the esti-
mated channel response, real spreading codes, complex
scrambling codes and signs of channel code specific
multipliers of the data signals, the components 1nclud-
ing components of each version of the at least one data
signal transmitted using each of the different channel-
1zation codes; for combining the components of each
version and constructing the hermetian of the system
response matrix using the combined components; and
for estimating the data using the received vector and the
constructed hermetian of the system response matrix.

69. The base station of claim 68 wherein the estimating 1s
performed using a zero forcing algorithm.

70. The base station of claim 68 wherein the estimating 1s
performed using a minimum mean square error algorithm.

71. The base station of claim 68 wherein the combining 1s
performed using an adder and saturation logic.
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